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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-1335

A LARGE~SCALE WIND-TUNNEL INVESTIGATION
OF A WINGLESS VERTICAL TAKE-OFF
AND LANDING AIRCRAFT

By David G. Koenig and James A. Brady
SUMMARY

An investigation of a large-scale wingless vertical take-off and
landing aircraft has been conducted at zero sideslip. Data from tests
made at fixed ground height are presented in a previously published report.
Data from tests with the wind-tumnel ground plane are presented in this
report. Most of the tests were made at airspeeds of between O and 70 knots,
at or near values of trim 1ift of 1500 pounds. Tests on the ground plane
system were made at three ground heights from 1.2 to 2.3 duct diameters
as well as with two vertical positions of the horizontal tail.

The effectiveness of pitch and yaw control, though limited for
hovering, increased rapidly with airspeed. A considerable amount of
roll-yaw coupling was present in the roll control. Longitudinal stability
for most of the transition airspeeds was improved by raising the horizontal
tail about 0.6 of a duct diameter. Reducing ground height caused increases
in required flight attitude and power and augmented unsteady aerodynamic
loading for low alrspeeds as well.

INTRODUCTION

The wingless aircraft has been considered a possible means of
combining acceptable efficiency in high-speed flight with adequate perform-
ance stability and control characteristics during low-speed or hovering
flight. Several aspects of this type of aircraft are discussed in refer-
ences 1 and 2 where a performance theory based on simple momentum-energy
relations is used to predict cruising efficiencies that are comparable
with winged aircraft. An initial full-scale aircraft was constructed
with the objective of exploring performance, stability and control char-
acteristics in low-speed flight of a "flying duct" configuration. The
aircraft is designed so that the forward duct is maintained in a near
horizontal attitude for all flight speeds and the main lifting Jet efflux
is deflected, as required, by a system of cascaded turning vanes.

An investigation of the aerodynamic characteristics of this aircraft
has been made in the Ames 40- by 80-Foot Wind Tunnel and preliminary



results have been presented in reference 3. Additional tests were made
to study the effect of the presence of the ground as well as the effect
of tail height. The results of these tests which were made on the wind-
tunnel ground plane system are presented herein. Also presented is a
brief discussion of results obtained from all the full-scale wind-tunnel
tests on the aircraft.

NOTATION

propeller blade chord, in.
drag

qu

drag coefficient,

external drag coefficient
1lift

1ift coefficient,

rolling-moment coefficient about an axis parallel with free stream,
rolling moment

qud

pitching moment
qud

pitching-moment coefficient,

yawing-moment coefficient, yawing moment
qud

power

QoSVeo

power coefficient,

duct internal diameter, ft
drag, 1b

ratio of main exhaust cross-sectional area to forward duct area, S

ground height as measured to the forward duct center line, ft
1ift, 1b

pitching moment, ft-1b unless otherwise indicated

total engine chart power, hp

dynamic pressure, 1b/sq ft




oF

leccal radius, ft
duct radius, ft

reference area, (f)dz, £t2

jet efflux area (see appendix A), ftZ

area of entrained air (see appendix A), ft2

propeller blade thickness, in.

static thrust, 1b

airspeed, knots or ft/sec

velocity of main exhaust air, ft/sec

velocity in duct adjacent to the nacelle, ft/sec

weight rate of flow through forward duct, lb/sec
distance aft of moment center parallel to duct center line, ft
distance out from plane of symmetry, ft

distance above the extended forward duct center line, ft
angle of attack of the aircraft

propeller blade angle for given radius, r, deg

effective angle between the propulsion jet exhaust stream and
free stream (see appendix A), deg

roll control deflection, deg

elevator deflection, positive with trailing edge down, deg
rudder deflection, deg

downwash angle, deg

propeller efficiency, ratio of energy rate imparted to the air by
the propeller to the engine power

cascaded vane setting (see fig. 2(b)), deg

forward vane setting (see fig. 2(b)), deg



A velocity ratio, §i (see appendix A)
o
o) free-stream density
M 3L
a stability parameter, M _ Ny  Oa
oo oL
v,
. . So

0 entrainment ratio, —

S.

J

Subscript

oo free stream

ATRCRAFT AND TEST EQUIPMENT

A photograph of the aircraft mounted on the ground-plane support
system is presented in figure 1(a). The aircraft mounted in the wind
tunnel for the tests of reference 3 is shown in figure 1(b). A three-
view sketch of the aircraft is presented in figure 2(a) and details of
the turning vane system are shown in figure 2(b). The geometry for the
propellers used in both the tests is described in figure 2(c); for addi-
tional details of the internal ducting system, as well as the elevators
and rudder, see reference 3.

Slight modifications to the aircraft were made prior to the tests
on the ground plane system reported herein. The structure surrounding
the forward duct was strengthened and the inlet 1ip was reinforced to
minimize deflection of the duct under load. The turning vanes and
turning vane mounts were reinforced and the power absorption capacity of
the propellers was increased. As an indication of the effect of the
change in propeller design, typical duct velocity profiles obtained from
the tests of reference 3 are presented in figure 3 together with velocity
profiles measured during the ground plane tests.

The ground plane system consists of support struts with which the
height of the aircraft above a fixed ground plane could be changed
readily. The ground plane was installed 3 feet above the original tunnel
floor in the wind-tunnel test section. Two-component load cells were
mounted at each of the three support points. The longitudinal data
presented in this report, namely, 1ift, drag, and pitching moment, were
derived from the output of the load cells.



Photographs of the horizontal taill mounted in the low and high
positions are presented in figures 4(a) and (b), respectively. The
details of the low tail installation are described in reference 3. For
the upper position, the tail had the same plan form and length as were
used for the low position, but the tail was raised 0.62 duct diameters
above the original position. For this tail position no jet deflector
was used in front of the longitudinal control exhaust Jet.

TESTS AND PROCEDURE

The series of tests on the ground plane system, for which results
are presented herein, followed a procedure similar to that used for the
tests of reference 3. This procedure was as follows: A trim 1ift was
chosen which did not exceed the estimated structural limits of the air-
craft (either 1500 or 2000 1b). Values of angle of attack, elevator
setting, and power setting required to maintain trim 1ift, zero drag, and
zero pitching moment were approximated by experiment. Data were then
obtained with one of these three parameters as a variable while the other
two were held approximately constant.

Tests were made at the high ground height, h/d = 2.3, for values of
trim 1ift of 1500 and 2000 pounds and tests were made at ground heights
of h/d = 1.2 and 1.6 for a trim 1ift of 1500 pounds. For the lower
ground height (h/d = 1.2), unsteady flow obtained at an airspeed of
20 knots prevented continuous testing near trim conditions for this air-
speed. Tests with the horizontal tail in the high position were made at
h/d = 1.2 and 2.3 for four airspeed and vane setting combinations.

Data were obtained at airspeeds between 20 and 60 knots for tests
at conditions near 1500 pounds 1ift and between 30 and 7O knots for tests
in which attempts were made to trim the aircraft at 2000 pounds.

DATA REDUCTION

The Cr, Cp and Cp values presented were computed from the outputs

of strain-gage load cells located at the three aircraft attachment points
on the support struts. No corrections for wind-tunnel wall effects were
made. However, corrections for apparent wind-stream misalinement with
the tunnel walls due to the presence of the ground plane system were
applied as follows. From initial directional rake measurements for
corresponding values of ground height, h/d, an angle-of -attack change,
la,, was chosen. For the ground heights investigated, these values of

Lo, were as follows.



The resulting corrected values of angle of attack and drag coefficient
are then:

(04

Cp

ay + Ao

C in Aa
CDu + Cg, sin

where oy (corresponding to CDu, the drag coefficilent measured in

direction parallel to the walls) was the angle of attack with respect to

the tunnel walls. It should be mentioned that a comparison of power-off

data taken from the ground plane tests with that presented in reference 3
seems to substantiate the above values of Aa.

The following are the estimated errors of measurement of both the
test variables and measured values of forces and moments as based on the
least count of the respective readout systems:

o +0.2° a +0.02 £t 1b
Lift +10 1b e, Bg, o
Drag +10 1b 5y, 6 £1/h
Pitching moment +80 £t 1b P *5 hp

The values of power listed were obtained from the engine performance
charts of the manufacturer as were those for the tests of reference 3.
Based on past experience the values of chart powers are believed to be
within 5 percent of the actual engine output.

RESULTS AND DISCUSSION

Basic Aerodynamic Characteristics

Data from tests on the ground plane system are presented in
figures 5 through 10. Most of the power-on force and moment data are
presented in figures 5 through 8 for the aircraft with low tail height,
and in figure 9 for the high tail height. Data from the power-off tests
are presented in figure 10.

Values of angle of attack, elevator setting, and power required to
trim at both 1500 and 2000 pounds are listed in table II. The values
were derived from data obtained during the tests by a method similar to
the one used in reference 3. It should be mentioned that the data



obtained on the ground plane system at variable power or longitudinal
contrcl deflection are not presented since the rate of change of the
aerodynamic coefficients with power and control setting was approximately
the same as that measured in the tests of reference 3.

Some of the data presented in table II are plotted in figure 11 as
a function of ground height.

Control Effectiveness

The measured values of control effectiveness are presented in
table III for several of the test conditions.

Longitudinal and directional control.- It was found, as expected, that
at moderate to high airspeed the longitudinal and directional control
performed well as conventional elevator and rudder. However, as airspeed
is reduced the values of JCp/08e and OCp/d8, did not increase as much
as might be expected if the portion of the control moment due to jet
reaction were assumed adequate. For the longitudinal control in hovering
(jet reaction), calculations of an idealized control system based on
simple momentum energy considerations gave values of OM/d8. of about
10 times the measured values. It is believed that the major factor
contributing to the large discrepancy between the calculated and measured
control effectiveness was inadeguate turning at the control jet exit; a
system using cascaded vanes would be more effective.

Roll control.- The design of the roll control used on the aircraft
was such that roll control effectiveness as well as roll-yaw coupling
(about the stability axis) depends significantly on airecraft attitude and
vane angle. Although the values of table III represent varying combina=-
tions of angle of attack and vane angle, it seems evident that roll
control is inadequate principally at the higher airspeeds where there
is no augmentation by external aerodynamic control. Simple calculations
of roll control effectiveness for the hovering condition assuming uniform
velocity over the lifting jet indicated that control would improve with
a more efficient turning vane diffuser system producing a more uniform
velocity distribution across the 1ift jJet. At forward airspeed, roll
control should be augmented by either differentially deflected elevators
or roll vanes externally mounted on the forward duct.

Longitudinal Stability

As a convenience to the reader, the quasi-static transition procedures
presented in reference 3 are repeated in figure 12 together with an addi-
tional procedure for constant angle of attack. As shown in figure 12(b),
if the parameter aM/aa were used as a measure of static stability, the
alrcraft would be slightly unstable during transition no. 1 to an airspeed



of about 47 knots, then would become increasingly stable for increasing
airspeeds above this point. This is also approximately the case if
3Cy,/9C], were used as a parameter as shown by the trim data of reference 3.
A criterion for static stability which 1s probably more applicable to
low-speed flight conditions is presented in reference L; as written in
dimensional form it is

—_— e - = =< 0
da OV, OV, S
Defining:
oM oL
5 = M OV, e
dau L
V,,

values of o0 were estimated for the subject aircraft for transition no. 1
and the results are presented in figure 13 together with the corresponding
variation of oM/da. Therefore, if the stability criterion o < 0 is
valid, the aircraft would be either stable or neutrally stable throughout
most of the speed range.

Effect of horizontal tail position on stability.- Downwash
measurements obtained during the tests of reference 3 are presented in
figure 14%. The data show that destabilizing variations of € with o are
more severe for the lower and in-board locations (z/d = 0.24; y/d = O.MM),
which are comparable to the lower tail position.

As an attempt to improve static stability for the aircraft, tests
were made with horizontal tail raised to y/d = 0.81 for which the basic
data were presented in figure 9. Values of o could not be computed
from the available test data obtained for the higher tail position; how-
ever, it is believed that BM/B@ may be used for comparison purposes.
Values of OM/3a, are, therefore, presented in figure 15 where it is
indicated for the range of airspeeds investigated, that a large improve-
ment in stability occurred when the horizontal tail was raised.

Effects of Ground Height

The data of figure 11(a) for the low tail position show that the
effect of ground height was most apparent as either the lower or higher
speeds (20 and 60 knots) were approached. For 20 knots, reducing ground
height from h/d = 2.3 to 1.6 increased the required power by about 12
percent and increased angle of attack required for trim from 4,50 to 11.5°.
As has been mentioned, during the tests at these speeds of from 20 to 30
knots for the lower ground heights, the aircraft was undergoing extreme



oscillations in loading. It is believed that these oscillations were
caused by random recirculation of the exhaust efflux through the forward
duct inlet. Although no hovering tests were made at the lower ground
heights for verification, it seems likely that recirculation would increase
as the airspeed is reduced to zero and aircraft load oscillations might
occur which would be difficult to control.

For the higher airspeeds and low tail height, reducing ground height
(except for 30 knots between h/d = 2.3 and h/d = 1.6) tended to reduce
required power somewhat so that at 60 knots, reducing ground height from
2.3 to 1.2 resulted in 20 percent less required power.

Hovering

The variations of static thrust and hovering figure of merit are
presented in figure 16 for 6 = 70° and o = 20°. The data were obtained
from the tests described in reference 3. The figure of merit was calcu-
lated with an exit area to fan area ratio of 1.54. The hovering data
measured in the wind tunnel have not been shown to be close to free air
values; however, the low values of figure of merit from 0.3 to 0.4 which
existed for the thrust range investigated indicate that considerable
improvements could probably be made with refinement in both propeller
design and turning vane installation.

Forward Flight Performance

Reference 2 describes a theory used as a basis for deriving the
efficiency of a simple 1ifting duct in forward flight. A brief summary
of this theory is presented in appendix A and calculated values of 1/D
and Jet deflection angle, 7, are presented in figure 17 for several values
of the parasite drag coefficient, CDO, and the entrainment ratio, ¢.

As a means of comparing the performance of the test aircraft with the
theory representing performance of a simple lifting duct, results for
V_ = 60 knots, Op = 31°, « = 0°, and 6 = 33° are also plotted in figure 17

x
with the theoretical data. The value of L/D was calculated from the
results reported in reference 3 with the use of tall-off data as follows:

Cy,

0
25 Pﬂé) .o
Qoo™ oo

o
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The value of Mp Wwas estimated from rake measurements behind the forward

propeller. The experimental value of C(j presented was based on an

area which was 17 percent larger than the reference area, S, in order to
approximate a value of Sj for the test aircraft.

Within the estimated accuracy of the test results the placement of
the test point on the theoretical curves of figure 17(a) demonstrates an
equivalent value of ¢ for the aircraft to be between O and 1. With
the placement of the test point on figure 17(b) a value of Cp, in the

order of 0.2 is indicated. The comparison further demonstrates that if
the relatively high value of externmal drag were reduced, small Jet
deflection angles would have to be used to achieve high L/D.

CONCLUSIONS

From the results of the investigatioﬂ, the following conclusions
were made concerning the control, stability, and performance of the
subject alrcraft.

1. Pitch and yaw control effectiveness for hovering flight was low
probably because of poor control jet turning efficiency. As forward
speed is attained, the conventional elevator and rudder become effective
as longitudinal and directional controls. Roll control is complicated
by a large amount of roll-yaw coupling and appears marginal for hovering
and inadequate for forward flight.

2. Transition from hovering to forward flight appears possible with
a number of different airspeed and attitude combinations.

3. ©OStatic longitudinal stability was improved when the tail position

was raised.

L. For low-speed flight, reductions of ground height from 2.3 to 1.2

duct diameters increased the flight attitudes and power required for trim
and augmented unsteady aerodynamic loading.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., May 1k, 1962
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APPENDIX A
THEORETICAL PERFORMANCE OF A PROPULSION DUCT IN FORWARD FLIGHT

Fundamentals of the theory of references 1 and 2 may be summarized
as follows.

In the case where the air flow through a lifting duct is expelled
at uniform velocity, Vj, and area, Sj, the jet entrains a mass of air

moving at velocity Vo, =V_ with cross-section area, Sy, as shown in the
following sketch: ¢

‘\\\\\\;1\\\ ’A;; = Vg
==/ Vo
4 ,g; ~

Summations of the 1ift and horizontal forces, L and X, respectively, are:

L

sin 7(mjVj + myV,) (A1)
X = m.j(VO - V5 cos 7) + mV (1 - cos 7) (A2)

and the rate of change of kinetic energy in the propulsive jet is:

5 - V2 (A3)

m.
P=-2(V

2
where m; and m, are the mass rates of flow of the propulsive stream and

the entrained stream, respectively. When the following definitions are
used:

X
Cyy = ——
X
QoS 3
L
C, = ——
s
kinetic energy
CP =

qﬁVmSj

= parasite drag coefficient

(@]
=)
o
1
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equations (Al), (A2), and (A3) become:

¢, = 2 sin y(A® + 9) (Ak)
Cy = E[K(l - Acos 7) + ol - cos 7{] + CDO (a5)
CP = ?\(7\2 - l) (A6)

where A = Vj/Vo and @ = So/sj’

It may be further shown for the condition of level flight where
Cx = 0, that:
CDO
cos y {1+ \[1+ 4 cosy [(1 -cosvy)+ - (A7)

By the use of equations (A4), (A6), and (A7), values of 7 and Cr/Cp may
be computed as functions of the speed parameter l/ C1, for assumed values

>’
1l
N =

of entrainment ratio © and parasite drag, CDO.

This method was used to obtain the theoretical values presented in
figures 17(a) and 17(b).
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TABLE I.- GEOMETRIC DATA

Span, ft + ¢« ¢« ¢ v ¢ o o e e e e e e .
Area (extended to plane of symmetry), sq
Aspect ratio . « « ¢ o o 0 4 o 0 e .,
Taper ratio « ¢ ¢« ¢ ¢ ¢ ¢« ¢ ¢ o o o .
Incidence of lower surface, deg . . . .
Elevator area, sgq ft « + ¢ ¢« ¢ « « . . .
Elevator hinge to moment center, ft . .

Rudder area, sg ft « ¢« ¢« ¢ + « ¢« o « ¢« . &
Rudder hinge to moment center, ft . . . .
Roll-control area, sq fo@ + « « . & o o .
Engines, (two) Lycoming 0-435-17, hp . .
Propeller diameter, ft . . « . « « o o . .

Duct area (including nacelle), sq ft , . . .
Duct area (excluding nacelle), sq ft . . .
Internal diameter, ft (average) « « « « &
Exhaust area (in plane 30° from reference plane), sq
Maximum width, ft . . . . . « ¢« ¢ «o. .
Moment center (distance from duct L.E.), ft
Horizontal tail

LY

ft

.

44,18
37.12
7.50
58.0
9.17
10.83

18.58
100.6

3.43
0.438

59.5
26 .83
27.0
25 .26
11.55
265
7.35




15

(P)6 ge€| LT |o°T m.ﬂ ce | <
(v)6 64| T°T |02 2 T 09 - - -
(v)6 66z | o'T-|6°L | €@ €l Te | o6 (=)8 (R I O
(236 61€ | 02~ |96 |2t 05 (28 et TT- 18T 1 9'T
(2)6 1661 zoT-| 2L oc ()8 €1 0°T- Y LT | €02 ¢e | 1€ 09
(2)6 16| g -1 €6 | €2 an | T€ poguesaad joN | 0¢E | 97T~ | T*TT 49
(a)6 0lf | To€-| Lz |2T]|z/T-6n pojuesaxd joN | €OE | S°H | €°GT| €2 06| TE | ot
(a)6 26c| 6°1-| L'z 4/€-61 (Q)L HIE| €72= | T°6 g/1-61
(a)6 ce| 62-| €9 |ce ¢rlog | o poguesaad joN |2 | €78~ [ 0°0T | 2T onTE | o%
()6 602 | 2'g-|9'er|eT|/T-6n () GEE|ga- | 9tC | | H/T-6h
()6 60€ | 6°G-|G'g 2¢ Bpﬁmmm 0N mmm wm- mw 91 mm
()6 eeel g - |grot| €2 |e/T-6%}| 99 o€ poqussaid o1 | C1E | 0°1- | weg | €2 en | ¢ o
- ¢ poguesaad qoN | 2 [ 276~ | g2 |2 T| /Tl
QT 00¢T = 2JTT ‘uorarsod TTe3 USTH bormmsast a0t | oot | o6~ | oe | o' / =
.- . - d qon| JeE | o€~ |2°¢ | €2 oh | 99 of
(a)8 26 | 0°T- {§°T g/t-2c | 1€ | ol po3USSDL : : i
(1)8 lon | 9°T- | €9 | €2 ge|te | o9 (B)L 6ne | g2~ |6 T 06
poquasaad qoN | LEG | 4ie- | 2°€ oS (=)L €ge | 6'2- | 9T | 97T | v/T-6n
poguesaad 0N | LoG | #°T- |29 | €2 cr i t€ | oS ()L g€ | o€~ | LT |¢e2 06199 | of
paquesaxd qoN | #6¢ | T*e- | T°L de meo mmm w.w- m.m M”m
pegussaxd joN | Jow | @ T- | T°0T| &' o6 | T¢ 9 0" L- .
(B)L 126 | q*2- | €9 |oT oS (a)9 ceelgl- | n°G | €2 cel99 | ot
pagqussaad q0N | 009 | Lok~ | 2°€ ¢ (B)g 262 N”mn OHOH N”a
(&)L g2 | 6°¢- |99 | €2 0¢|99 | on (®)9 TE | 69- | 976 | 9°T .
(a)o €ln | T°0T- | 70T | 9°T e ()9 T0€ | 0°9- o.m €2 0¢199 | o
paquesaxd q0N | 9€¢ | 2°2T- | g% 09 ¢ o4 m“mm.. m.ﬂ.ﬁ @.ﬂ
(2)9 €T | ¢~ |z2g | €z ¢log | of G L6€ | 6T~ | 97 | €72 gl{99 | o2
qT 0002 = 2JTT ‘uorasod TTeq MOT qT 00GT = 3JTT fuorsrsod TTe3 nog
d 3 g g d Fop Fop Fep gop | sqouy
saesra | §1 | I3 2% | p/u o0 | Bop | saom STBLL | ey | eog | em |P/U| e |cdg| oy

WEISAS ENVII QNNOYH THI NO CIINAOW LJAVIONIV IAVHOYIV HHLI WIYI OL
TIUINDTY gEMOd ANV “ONILIAS HOIVAATH ‘MOVIIV J40 &@IHNV 40 SENTVA -°IT AIEVL




*sTxe L3TTTORIS 4NOQB DaINSBIL

16

OTT* ¢T10" - TE | €€ c- | entt ol
CTT" QTO" - oTO* 900" TE | €C 0 |0gE| 09
0TO* 800" ¢ | of Z | 22E| of
ocT" £00° - ¢to" 10" ¢ | 0% ¢ | €68 of
st 20" - ceo” gTO" 99 | 09 0 |ent ] ot
09T°0 0 €€0°0 £€90°0 99 | &9 e 13| oz
JUSTTI PIBAIOH
1ee/"0e h@m\Nom Be /Yoo @@\Nom Sop | 8op | 8op | Ay | sqouy
nh@ ‘o ‘p nnﬁ ‘A
TSSOUSATYOS IS J9PPNY | {SSOUSATIO9IIS TOJIFUOD TTOY
89p/q1-93 ‘2l- | 99| ol| gLl o
= °Q0/ne
Jutasaoyg
A TE| €€ | SHE| 0L
AN TE| €E | 2LE | 09
HE* - TE | €€ | 60E | 0G
¢ - TE| €€ | oLl of
e - 99 | 06 | 9¢€ | o€
ot 0~ 99 | 09 | 0GE | OT

YSTTF PIBAIOT

dy
°ge/Moe o6 |7 |7

SSOUSATAO09JJO TOJIGUOD JOBASTH

SHOH0M TOMINOD THYNSVAW -*IIT TIEVEL




A-26150

(a) The aircraft on the wind-tunnel ground plane system.

Figure 1.- The aircraft as mounted in the Ames 4O- by 80-Foot Wind Tunnel.
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A-25698

(b) The aircraft mounted for the tests reported in reference 3.

Figure 1.- Concluded.
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(b) Details of turning vane system and roll vane.

Figure 2.- Continued.
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(a) Aircraft described in reference 3.

Figure 3.- The variation of velocity between the propellers with
distance out from the duct center line.
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(b) Aircraft used in the tests on the ground plane.

Figure 3.- Concluded.
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(b) High position z/da = 0.81. A-26173

Figure 4.- The horizontal-tail installation.



25

099 = dg fsqoux oz = “A

J0J uoTaTsod MOT ayq UT TTB] TBIUOZTJIOY SU3 UYFTA 4JBIOITE SUY} JO SOTSTIDLOBIBY) -*C 2an3Tg

O
o o 2 - 9 T
7= 2= 0 2 ® 2 @ 03 §T 9T 4T
\%.u \% v
/TS qm v W\ ¢
L1 217
G\m \qm (- \Q \mﬂ K
\Q&\ QDT - ’ o / v \m : :
_ /. P17 w
Al 71/ | [T
% © v \ €2-  ofn 21 oL v ot
\A\mﬂ 0] \m \Q gMW \ \N Ze-  Son mHH ow M .
| (r & MH mM M\M mwé

"t

Sap ‘v




26

10J uoTgrsod MOT 8yj UT TTBY TBRUOZTIOU U3 U3ITA 3JBIDITE oY} JO SOTASTIS4OBIBYY -°Q 2INITJ

099 = dg fsqomy of = *p

oom =6 (®)
dy
0 T 0 T~ 1
e= I 0 T 2 gT TTr OT 6
TT- wﬁm c'T o8 q
L- 062 9T o O
9= 692 €z 0s o]
M WWV 8ap dy v/4 Sap Mv
Q d 8
\ A \
\\m /
/ v

O
E?D§\o 0)

0T

ct

T

ot

8op ‘v



27

*POpNTOUO) -*9 oINIFTJ

e

o

= 6 (q)

N,

/o

uS{ag

1

439

"
[Ty

oo« oo

9'T
€2 59

91 159
€e 49

p/u  ®ep

o1

ct

7T

ot

Sap ‘©




28

0

*830Uy O = A
J0J uoTqIsod MOT U3 Ul TTBY TRAUOZTJIOU SY3 U3TM 3JBIOITER SUY JO SOTQSTISLDBIBYY - ) 2JINITH
099 = o (®)
Qo .
%o g T - 0
g- T- © T 5 9
8 \ w GN
S 91 s O .
7= o6y €2 ) N
£~ 4¢3 21 [0S \v4
© €= 1€€ 9°t #/16n O Wku Mu
- [5}¢3 €z o O .\u\AV £
4
3ap dy Fap
A7 °e a v/u 2]

™o

oT

cT

41

Fap ‘o



29

*papnTouUo) -* ) 2aINITI

oI€ = 9o (q)
Qo .
"5 e T o T 2= 0
e-  TI- 0 4 L 9
/T 2~ e EREE A
/T2~ Sof 9'T os @
2/te- Tt €z s @

p/u 3sp

ot

AN

ugs

89p ‘©




T = dp fejowy o) PuB 09 = PA
JoJ uorqTsod MOT sYgq UT TTBY [BIUOZIJIOU SYJ UFTM 4JBIOITR® SU3 JO SOTHSTI3OBIBY) -'Q SINITI

*sqouy 09 = <A f3FTT WrIg spunod QOGT JedU BlB( (@)

0

Eo g e 0 4= g'- AO

m.l +-I O +~' wo mom N.m w.N .J.N O.N m-uﬂ

% ”
EN 7k

LT-  4E€ ER 33 v L - 0
L't~ gl 9'T 49 o}
L1~ get £z 33 O] P

4 C I A
5 % 4
_ : 9
d / % gap ‘v

. 0 Wv g
A k\ ot
ST

#T

30




31

*pepnTouo) -*g SINITJ

*1JTT wrag spunod gpoog Jesdu Byeq (4)

0]

0
T
E .
w. +- O +~ ) o ] - .
8- #'= O f° o't 9°€ e'€ g2 f'eo0e 9T
T'2- 2Ty €2 2/1es v
Te- ey €2 eg/1 6t @]
oe- e 34 £e 0]
o J\u M 4\4

/!

&
7
7

ot

<t

T

Fap ‘v



32

‘uoTqTsod USTU SYq UT TIBY TBIUCZIIOU 9U3 UFTMA 1JBIOITR 8U7 JO SOTISTISFOBIBYY -'6 2InITg

+ 99 = %o fsgomy of = "4 ()
) z T - z- £
c- T- 0 cT T OT 6
- &£ 2T z/iéh W v
9= €og g2 25 @l \ &
o / £

20€

£z 2/T 6y

p/u 3ap
6

%W\q

/]

D

}M

of

T

ot

cT

4T

ot

BT

Bop ‘v



33

*panuUTquUO) -*6 sanIty

* 99 = g fsqouy o = “a ()

(0]
a
w
0 c T T-
0'2- 9°T- 2'I~ @'~ #H'= O
- o ot% 2T 2/tey &
\ 0 foE €z w/ten @
0 fof €z s ©
qu mwu dy /4 Fap
g e d 9
7
0]
5 /] :
O
ﬂ . .
C M\ @]
JA I d

Sop ‘o
ot

cT

T

ot




8V
!

—
]

o

*PONUTAUOD -°6 2INITJ

- 1€ = do fsq0mt o = A (2)

0 Sof 2T oS

[¢] 662 £z oS

o oge €2 S

www dy /4 Sap

Hilog | g
o)

N

=5

3k

OoT

cT

T

Fop ‘©



35

*PopPNTOU0) -*6 INITI

- 1€ = dp fsqoux 09 pue oS = Cp (P)

o]
95

"5 8 T 0 #- o

- 0 g hh O 9'€ 2°€ 8'2 '@ 02 9'T,_
)4 Y
= / o et Bl € 0o V ©
m\ . 0 2% g2 g€ oo O

. €2 g o5 O 4 c
Ww A\ T N J moa o m e / f

”\l Sap ‘v

J 1 7 @
_ )

U‘T)—O\D
O
o
.

ct

T




36

=]
.OMI = 7Q
‘uotaTsod TTBA-TEBJUOZTIOU-MOT pue JJo Jomod UYGTM 3JBIOITE U3 JO SOTFSTISFOBIBYD -*QT SINIFTH

€2 =pv/U (®)
ay
) 2 T 0 I
Q2= H°2- 0°2= 9T~ 2'T= 8"~ H'- O #'2 02 9'T 2'T ¢ %° oo
oL 99 &
0% 99 M 2
oS € O?.
€¢ € (0]
| Y Jﬂ \
\\\ 9
/ w
\O #O © wm.mu ‘0
I oT
o //A Q%U
AN
L WEn
HT
g 1 d N | Ldd 44
ot




37

*peNUTRUO) =T SINJTH

9°T = B/u (9)

h'e 02 9T ¢<S'T @ #*

[LIVe e vileamn
Al

[ :
. 9

M.N_ AN

i

\m

il I/ e
i i

Aﬁ

W

WWMV i
4 7t

8T




38

*popuTouUC) -°*QT 2JInIFT g

2T = p/u (92)

o) o'z 9°T 2T g T
g~ = 0 g g 0z 9T 2T g 4 0
s Il sl | o1
A [ e s 0
| Nm\ OW \qw .\o s 3w .\;\6
A 1] A
TR
M M/< AHVAWQM wo HV%

Ssp ‘v

OoT

cT

T



(@)
o

Jo uotaoumI ® se spunod QQ4T

/U

e 0°c 9'tT <¢'lT g*

*qu3Toy punoJald
9JTT J0J wIIq 09 Aresssosu sfurqiss Jomod pue TOJI4UOD -°TT 2aINn3T A

‘uotarsod TTBY-TBIUOZTIOU-MOT (®B)

T€
T€
99

99

99
]

/4
v o ) . T meT . .
1 o2 #'e 0'¢ 9'T 3 f oc-
00T 2=
8op/AT-24 m\
0 9T~
Jop
09 N| we/me e
00T~ / pra 8- A
o O—
o &
0 Ay (- 0
ot @
8 O ..T&.N O-N mouﬂ N-H w- .J. o
sqouwy
..8> All
o2
T T Sop
n‘\r,\,
(043 N ]
G
du g
00t S
ot ot




«popNTOuU0) - TT 9JINITJ

*uoT3Tsod TTe}-TBIUOZTION-USTH ()

p/u
f° 0 72 02 9T 2'T g 7° O e
C9 \V4
ot & |oot- 2~
o 3
0t O |ooz- 1%
A 8ep/aT-2J
00€- \\\\.A_U g~
. o
ve/ne —
OOJ! ﬁll‘& 0
006 #'2 02 9T 2T g 1° o

\
\

\
\

Lo

Ofc o)
dy ‘q O~

oet = 2T

oof oT



deg

deg

e’
deg

60

30

=10

-3

-16

-2k

—_— -t _.\ L Transition No. 2
S =\
e N
\Wion No.l
NN
’ h —_—
Transition No. 3 I—/ .
op = 66 —6p = 31—
1

0 10 20 30 Lo 50 60 T0

This portion of & vs Voo
\ curve faired spanning
v \ point estimated at Voo = 0
\ and trim point at Vg = 20
\ knots.
0

0O 10 2 30 W 5 60 170

Adrspeed, knots

(a) 6, a, and &, vs. V_.

41

Figure 12.- Transition procedures from hovering to level forward flight;
data from reference 3; low-horizontal-tail position.
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Figure 17.- Concluded.
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